In the previous paper, the authors proposed a new Cut-off system for vibration control using water and/or functional fluid which acts as a series inertia mass. In this paper, frequency response vibration tests of the Cut-off system installed in one degree of freedom vibration system are carried out using a shaking table. Transmissibility between main mass and base is measured and evaluated. The Cut-off system consists of a piston cylinder, by-pass pipe, and the fluid. It is clarified that the series mass has a large inertia effect which is proportional to the forth power of the inner diameter of the piston cylinder. The experimental results are compared with the numerical analysis, and the effects of vibration isolation are confirmed.
INTRODUCTION
Vibration control device, such as a dynamic damper and a tuned mass damper in machines, bridges and buildings has been studied by many researchers. Recently, a patent concerned with "Cut-off system for vibration control using series inertia mass" was proposed by Okumura [1] . Some of the researchers in this paper are taking part in studying the above patent under consulting with Okumura, and others.
Meanwhile, the mechanical snubber which utilizes rotational moment of inertia for seismic responses of piping system was developed by Kawaguchi, et al. [2] , and also patented by one of the authors in Japan and U.S., and applied to the many nuclear power plants. And the vibration control device using series inertia mass was studied by Furuhashi and Ishimaru [3] .
On the other hand, the liquid mass damper which acts as an auxiliary inertia mass, was studied by Kawamata [4] [5] [6] . These isolation devices are nearly like dynamic dampers, and have two degree of freedom. The effects of the base isolation are only influenced by the mass ratio between a total mass and an auxiliary mass, and the peak at the primary natural frequency depends on the damping ratio. Therefore, the energy dissipation device like a passive or a semi-active damper is installed between the base floor and the ground.
In the previous paper, in order to obtain a new type of vibration control device using a series inertia mass, the authors proposed the Cut-off system using water and/or functional fluids which acts as a series inertia mass [7] . In this paper, a small scale experimental Cut-off system was made, and vibration tests of Cut-off system were carried out using a shaking table in the laboratory. It is cleared from proposed theory that the fluid series inertia mass is proportional to the fourth power of the effective diameter of the piston cylinder, and the motion of primary mass of one-degree-of-freedom vibration system is isolated at the Cut-off frequency. The frequency responses of the one degree of freedom vibration system attached to the trial Cut-off system were measured, and the transmissibility between the primary mass and the base were discussed experimentally and numerically. Finally, the experimental results mostly agree with the theoretical results, and the effects of vibration control with the Cut-off system are confirmed. Figure 1 shows a conceptual sketch of a Cut-off system for vibration control using water and functional fluid which is proposed in this paper. The Cut-off system consists of a piston, a cylinder, a by-pass pipe and fluid such as water, oil, functional fluid, and so on.
CONSTRUCTION OF THE CUT-OFF SYSTEM
In Fig.1 , kinetic energy K.E., potential energy P.E., and dissipation energy D.E. are given by (1) where m 1 , m 2 are the main mass of the cylinder and the liquid mass of the by-pass pipe, k is the spring stiffness, and c is the damping coefficient, and x, y are the absolute displacements of the main mass and the base, u is the relative displacement of the fluid in the by-pass pipe, respectively.
Taking into account the equation of continuity about the fluid in the piston cylinder and the by-pass pipe, the following relation is obtained. (2) where
) is the effective diameter of the piston cylinder, d is the diameter of the by-pass pipe, and ρ is the density of the fluid. From Eqs. (1), (2), kinetic energy K.E. yields (3) Substituting Eqs. (1), (3) into Lagrange's equation of motion, the equations of motion can be expressed as follows:
It should be pointed out that the liquid inertia mass m 2 is not disturbed by outer force, since the right term equals to zero.
According to Eq.(2), the liquid mass filled with the by-pass pipe was given by (6) where l is the by-pass length of flow, and the auxiliary mass is defined the "fluid series inertia mass" m s as follows 
It is clarified that the fluid series inertia mass has a large inertia effect which is proportional to the forth power of the effective diameter of the piston cylinder. In the case where the damping coefficient is neglected, then Eqs. (4), (5) become (8) (9) From Eq.(9), the natural frequency about the fluid series inertia mass ω s is given by (10) The base is directly oscillated in the case where the harmonic excitation of the same frequency y = y 0 cosω s t, Eq. (8) becomes (11) (12) It can be seen from Eq.(12) that the main mass and the fluid series inertia mass are not influenced by the input excitation at the frequency which denotes f s = ω s /2π as "Cut-off frequency". And the natural frequency of the one degree of freedom vibration system ω 0 is given by 
NUMERICAL SIMULATION
In order to investigate the theory about the Cut-off system, the numerical simulation is carried out. The transmissibility is calculated using Eq.(16). For example, in case of the damping ratio ζ = 0, the calculated results are shown in Fig.2 . shows that the resonance frequency is sifted toward the low frequency with increasing mass ratio of ε, and the transmissibility has zero point in the Cut-off frequency. It also suggests that the heavy functional fluids, like a magnetorheological fluid could be applicable, because the transmissibility is influenced by the total weight of the fluid.
DAMPING FORCE CHARACTERISTICS
The Cut-off system is attached between a shaking machine and base plate through a load cell as shown in Fig.3 , and the experiments of resisting force characteristics are carried out. The cylinder and the by-pass pipe are filled with water. The force-displacement curves when it is subjected to harmonic excitations of frequency 0.5 ~ 1.5 Hz and amplitude 20 mm are measured. The experimental results are shown in Fig.4 . Figure  4 shows that the resisting force characteristics of the trial Cutoff system can be clearly described well by sum of the inertia force and damping force.
VIBRATION TESTS
The vibration tests of one-degree-of-freedom vibration system installed the trial Cut-off system are carried out using the shaking table as shown in Fig.5 . Table 1 Figure  7 (a) shows that the peak of the response appears in about 0.58 Hz under the assumption of the damping ratio ζ = 0.14 without the Cut-off system. And Fig.7(b) shows that the damping ratio becomes approximately ζ = 0.65 in case of the Cut-off system being attached. It seems from Fig.7 that the resonance peak is slightly shifted toward low frequency, and the maximum value of transmissibility with the Cut-off system decreases to about 1/3 to that without one. The experimental results mostly agree with the calculated results, and the validity of the calculations is confirmed.
Displacement transducer
Cut-off system Motor Table 1 Experimental condition of trial Cut-off system In this paper, a new Cut-off system using fluids is developed. The damping force characteristics and the effects of vibration suppression of the system supported to a one-degreeof-freedom vibration system are discussed experimentally and theoretically. The results may be summarized as follows:
Piston rod diameter D 2 12 mm Effective diameter 1) By the equation of motion and the transmissibility, the motion of the main mass of one degree of freedom vibration system is isolated at the Cut-off frequency.
2) The fluid series inertia mass is proportional to the fourth power of the effective diameter of the piston cylinder, and the natural frequency is reduced by the effects as an auxiliary mass.
3) The Cut-off system has the dynamic characteristics of sum of damping force and inertia force.
4) The maximum displacement response with the Cut-off system decrease to about 1/3 to that without one in the frequency responses.
5) The experimental results mostly agree with the calculated results, and the validity of the calculations is confirmed. 
